size to wild-type siblings, but during later development 1 Section of Integrative Biology and they exhibit a severe growth deficit ( Figure 1C 
fects whole-organism cation homeostasis and leads intramembranous urostyle, centra, and other bones ossify much later in trpm7 mutants compared to the wildto nephrolithiasis.
Because dwarfism syndromes in humans are associtype ( Figures 3A-3H ). Precocious endochondral ossification is similarly evident in the suspensorium and the ated with a range of skeletal defects [12] and cation homeostasis affects bone development and maintebranchial arches of trpm7 mutants ( Figures 3I-3P ), whereas delayed intramembranous ossification is apnance [13] , we asked whether the growth deficit and disproportionality of trpm7 j124e2 mutants is associated parent for several bones of the anterior head ( Figures  3Q-3V ). The accelerated ossification of endochondral with changes in ossification. A comprehensive analysis of 87 bones between 9 and 51 dpf revealed extensive bones and the delayed ossification of intramembranous bones reflect order in the ossification sequence alterations in ossification sequence between wild-type and mutant larvae (Figures 3 and 4) . Among numerous as well as absolute timing. One can most easily visualize these timing differences by plotting how genotype examples of sequence reordering is the epural bone of the caudal fin, which is the 78th bone to ossify in wildaffects the likelihood of bones being ossified at any given age against the statistical significance of these type larvae but only the 32nd to ossify in trpm7 mutant larvae. Conversely, the maxilla is the 15th bone to osdifferences ( Figures 4B and 4C ). Defects in ossification timing do not simply reflect growth retardation; even sify in wild-type larvae but the 40th to ossify in trpm7 mutant larvae. Thus, trpm7 + is essential for the normal severely runted wild-type fish develop skeletal elements of normal shape without premature ossification sequence of ossification.
To better understand ossification changes, we cate-(Supplemental Data). Furthermore, functional-anatomical units in close gorized bones according to function and anatomical location as well as cellular origin. The most dramatic difproximity were found to be differentially affected, even after we controlled for the relative contributions of enferences were between endochondral bones, which develop through mineralization of a cartilage model, dochondral and intramembranous bones within these units. For example, otic bones are accelerated, whereas and intramembranous bones, which develop directly, without a cartilage model [1, 14, 15]. In trpm7 mutants, orbital bones are delayed, despite the anatomical proximity of these bones and their similar endochondral and endochondral bones (red connectors in Figure 4A ) appeared on average earlier in the ossification sequence intramembranous compositions ( Figure 4C ; Table S1 ). Finally, trpm7 mutants exhibited skeletal dysplasia, inthan they did in wild-type larvae, whereas intramembranous bones (green connectors) appeared on average cluding extreme malformation of the Weberian (auditory) apparatus and the ribs, compressed vertebrae (of later than they did in wild-type larvae. Dissociation of endochondral and intramembranous ossification is exnormal number), and kinks in the posterior vertebral column ( Figures 3D, 3H , 3S, and 3W). emplified by the caudal complex, in which the endochondral hypurals and epural ossify much earlier in
We have demonstrated that trpm7 is essential for growth and skeletogenesis during the zebrafish larvaltrpm7 mutants compared to the wild-type, whereas the downstream effectors such as Runx2 can lead to premature endochondral ossification [16] [17] [18] [19] . However, this model does not readily explain the delayed intramembranous ossification observed in trpm7 mutants. Although the precise functions of trpm7 in promoting normal ossification sequence and timing, as well as melanophore development and touch response, remain to be elucidated, our analyses reveal important roles for trpm7 in the physiological regulation of postembryonic growth and skeletogenesis. 
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